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Estimation of Baseline Vectors between First Order Control Points and '
Simosato based on Analyses of AJISAI SLR Data

Masayuki FUJITA* and Arata SENGOKU**
Abstract

The Hydrographic Department of Japan (JHD) has operated a mobile SLR station since 1988 in
the framework of the marine geodetic control project. In 1996, it has completed a first observation
cycle at 14 fiducial points called the First Order Control Points (FOCP) distributed at major off
-lying islands and at some coastal areas in Japan.

The AJISAI data at all the FOCP were analyzed with global data. The used software is
GEODYN-II developed by NASA. The reference fixed stations are GSFC (Maryland, USA) and
Haleakala (Hawaii, USA), for which the coordinates of the ITRF93 with its velocity field are
adopted as a priori values. The RMS of the resulted range residuals for the FOCP data are 5-10
cm, which is comparable to those of all the global stations.

The stability of the solutions for the baseline vectors between the FOCP and Simosato, the
stationary SLR station in central Japan, was examined by comparing the solution with those
obtained under different estimation conditions. As a result, followings are concluded : (1) the
estimated baseline vector can be determined within lcm as far as the coordinates of both the FOCP
and Simosato remain as estimated parameters ; (2)it can be well determined by a single arc
analysis ; (3) it can be determined within lem when the frequencies of estimations of the empirical
acceleration and the drag coefficient are less than 3days ; (4) the estimation does not depend on the
frequency of estimation of the solar radiation pressure coefficient ; (5) the estimation does not
depend on the selection of the atmospheric density model if the drag coefficient is appropriately
estimated.

Comparison of the estimated baseline lengths with those of the marine geodetic results of JHD

shows that they agree within 3 -4 cm except for three sites.

REEUEN L IT3) TIE, 19884 LISk 2 E 1
$2182-3 0 AREDEMMEFBEMEITN, £
IKEEER T, WERERMoHEEZ BV E LT, A DALEREZIT-> TE T2,
TR v —9—lliE (SLR) Bl 2 %ML T\ 5. —RIEME ST, WEHENMEOEREE LT, EE
ZNH b, BREXME EREAE T RSB  GEEERUOALNICEERT S Tw 525 1996
(FORRILE) TiF, 1982 LLREIEAFEEIC L 2 FOTOBRZ L - T, ZDLHIZBWT—E
ERFBNE, T2, MEFCHT oNEEN(— FTOBMTbIIZ Lick s, BAINLT—

1. @FL®I

T Received 1996 November 5th; accepted 1997 February 7th.
* WEPERFSEE Occen Research Laboratory.
* = Akl HEE  Geodesy and Geophysics Division.



Masayuki FUJITA and Arata SENGOKU

213, EICHEHEMMELES L S VOUET—F T

HY, FOMESLNTIZW2DY, KERMER T
PAAFEDNT I b[/FENTNWD, 41, THE
DIEMER VBT P VOZALE ERT 5 HIY
T, b DFMERITB W CHN 24T ) FHETH
%

IRBEER D UG PERI M 351) B —RILUE & T — F i
Hrid, RICTRE-REELDT—FIDAEEHN
5 s (SPORT #: : Sasaki et al., 1989) I
Lo TIThN T & 72 (Fa At 1991 ; #EH, 1995).
ZHRBER, 77— \WVBHRDT— 7 BT,
BRI B OND L) TRKIN2LDTH S
P, FEMRIIHENBELCREZbDND, N7
FPVDOEEDDREREIZLE DL EENTWD
(Sengoku, 1991). 7z, fEtrsctbniillfnr &, 4
F— I RERAT LI EDTE V20, ST
BEURT—IARIC L BBELIRI L L

LA2L L hw,

oTusima

Wakkanai
&(ati
1991

Z MUz X L T Sengoku (this issue) X, 7 v—
NVBNRT—2 2, T XY 2RO 7
F7 27 UTOPIA i & V), 199443 F TN13
BIZOWTNfT 24T - 72, 2 ORI CId, —KkK¥#k
e LU DB DR % T X W A Kk FEdE )i
1% SSC(CSR) 94L01r02ic s L, Z #Lic o<
— RIEUE R OMI AR 2 P L 72, F 72, —H
DIEMEFTICBNWT, FVFRAT—F ZHVIZRE
VEREDFEEERAMG 24T\, RIFLHREZ/ TS,

—RIEUE SIRHTIE Z N F T, £ DIMIILE %K
HDHZEICERZEZENTWA, S 15NZEEEN
BT 5720121, TH DR BUERE»E
Hrih, AT, ShFEat—kIEENLU
BB b L3nwT—% %, KEMEFHF
(NASA) »v 7 b7 =7 GEODYN-II (Eddy
et al., 1986) % W CHERMNT L 728ERIC DWW TR
L, FIZTREDEHRRT P VRV Z DMEIHE &
L COEMIEMEIGD, IR 5 20E

Kx Y
1™y

7

o

Tyosi
1996

1552 5 Simosato » Il-ge;t;zyo
1982-
Makurasaki
1994
Okinawa, ¢
1989 @ Titi
1988
® ®
«® Isigaki Minamidaito Two R,
1988 1991 1992 . Qégam‘ S

Fig.1 Map showing locations of Simosato and the FOCP.
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Table 1. Data summary for the First Order Control Points (FOCP). Abbreviations for the FOCP are used
in the following tables and figures. Numbers of passes for Simosato during the observation periods are

also shown.

Site name — Start epoch End epoch Number of pa§ses
(yymmdd. 0) (yymmdd. 0) FOCP Simo
Titi (TT) 880121. 0 880228. 0 34 98
Isigaki (19) 880724. 0 880903. 0 27 28
Minami tori (MT) 890115. 0 890317.0 41 49
Okinawa (ON) 890709. 0 890820. 0 44 43
Tusima (TS) 891007. 0 891118.0 50 40
Oki (0K) 900917. 0 901024. 0 27 26
Minamidaito (MD) 910113.0 910204. 0 12 39
Tokati (TK) 910826. 0 911025.0 21 54
Iwo (IW) 920122.0 920314. 0 25 els
Wakkanai (VK) 920907. 0 921013.0 24 26
Hatizyo (HT) 930203. 0 930311.0 19 75
Makurasaki (MK) 940128. 0 940311.0 11 58
Oga (06) 940814. 0 940921.0 18 60
Tyosi (TY) 960110. 0 960307.0 62 80
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Table 2. Estimated rectangular geocentric coordinates of the FOCP with the rms of resulted range

residuals (m).

Residual RMS

Site X Y Z FOCP all
T -4491072. 311 0. 020 3481527.911 0. 022 2887392.004 0.020 0. 046 0. 066
IN -3265753. 798 0.021 4810000. 840 0. 020 2614265.635 0.020 0.052 0. 058
MT -5227190. 039 0.018 2551882.337 0.023 2607609. 849 0.017 0.120 0.148
ON -3505323. 669 0. 019 4532740.991 0.018 2792253.157 0.017 0.076 0. 094
TS -3344473.916 0. 016 4087076. 263 0.016 3564512. 521 0.015 0. 106 0.122
0K -35636204. 424  0.019 3749974.186 0.025 3744418.415 0.016 0. 052 0. 062
MD -3786331.517 0. 024 4320316.193 0.023 2761964.083 0.025 0.052 0. 062
TK -3788457.912  0.014 2820917.951 0.014 4271798.281 0.014 0. 090 0. 088
IV -4522801.801 0.012 3622640.405 0.013 2656232. 056 0. 012 0.092 0. 106
WK -3522929.119 0. 010 2779243.479 0.012 4517637.339 0.012 0. 086 0.074
HT -4087880. 318 0. 017 3451764.241 0.015 3460902. 383 0.013 0.048 0. 058
MK -3528449. 724 0. 026 4162495.219 0.020 3291166. 953  0.022 0.080 0. 058
06 -3731492.594 0.018 3164405. 340 0.017 4078228.570 0.014 0. 054 0. 054
TY -4021278.003 0. 014 3273585.521 0.015 3701666.336 0.012 0.072 0. 060

Table 3. Estimated baseline vector components and baseline lengths from Simosato to the FOCP (m).
Site dx dy dz Baseline
TT -668684.107 0. 024 -217835.704 0.025 -620181. 329 0.024 937665. 031 0.024
IS 556634.604 0. 025 1110637. 339 0. 025 -893307. 650 0.023 1530148.993 0. 025
MT  -1404801.736 0.021 -1147481.190 0.022 -899963. 364 0.020 2024874, 084 0.021
ON 317064.645 0.019 833377.421 0.019 -715320. 022 0.018 1143123.199 0.019
TS 477914.434 0.018 387712.729 0.018 56939. 226 0.017 618033.528 0.018
0K 286183.853 0.023 50610. 564 0. 027 236845.192 0.017 374911.019 0.022
MD 36056. 891 0.024 620952. 630 0.022 -745609. 074 0.025 970986. 694 0.028
TK 33930.497 0.015 -878445.590 0.016 764225.078 0.014 1164842.437 0.017
W -700413.429 0.013 -76723.168 0.014 -851341. 157 0.012 1105100.530 0.014
WK 299459, 315 0.014 -920120. 075 0.016 1010064. 141 0.014 1398758.880 0.018
HT -265491.958 0.017 -247599. 336 0.015 -46670.814 0.013 366018.545 0.017
MK 293938.656 0.027 463131.639 0.021 -216406. 249 0.022 589680.010 0.019
0G 90895. 741 0.020 -534958. 250 0.018 570655. 396 0.015 787457.901 0.019
TY: -198889.697 0.016 -425778. 026 0.016 194093. 246 0.015 508444.911 0.016




Estimation of Baseline Vectors between First Order Control Points and Simosato based on Analyses of AJISAI SLR Data

(a) Global
15 £ ]
—o—dx
10 = —a& -dy
t — ¢ -dz
25 [
£ 5
& L ]
ot [
[ x -/
£ 5[ -
a - 1
-10 |
-15
TT IS MT ON TS OK MD TK IW WK HT MK OG TY
SITE
(b) 2-station
15
10 |

(€]
T

Difference (cm)
L
,I}\%

-5
-10 f ]
-15 ]
TT IS MT ON TS OK MD TK IW WK HT MK OG TY
SITE
(c) 1-station
15 [
SR N
10 | = /;’
> = 9
B AN *® P e s

Ao
P
D
v
/
N\

Difference (cm)
o
\\
(

\ ‘ ‘
.
\
-

'
€]

\/ N Y

" TT IS MT ON TS OK MD TK IW WK HT MK OG TY
SITE
Fig.2 Comparison of baseline vectors from Simosato to the FOCP estimated for the different fixed
stations. Plotted are the relative values to those for the reference solution where Maryland and
Hawaii are fixed. The fixed stations adopted for the comparison are (a) Maryland and Greenwich, (b)
all stations except Simosato and the FOCP and (c) all stations except the FOCP.
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Fig.3 Comparison of estimated baseline lengths between Simosato and the FOCP for the different fixed

stations. See the caption of Fig. 2 for the three cases.
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Fig.4 Comparison of estimated absolute rectangular coordinates of the FOCP for the different fixed

stations. See the caption of Fig.2 for the three cases.
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Table 4. Estimated baseline vector components and baseline lengths under different estimation conditions
for (a) Titi and (b) ‘Tyosi, together with the rms of range residuals in m. The partition corresponds to
the condition for the satellite elements, the empirical accelelation (”a”), the drag coefficient (”d”), the
solar radiation pressure coefficient (”s”) and the atmospheric density model, respectively. The
number subsequent to ”a”, ”d” and ”s” indicates the estimation frequency in day. The asterisk
indicates the reference condition.

(a) Condition dx dy dz Baseline Residual RMS
(-668684)  (-217835)  (-620181)  (937665) Titi All
single* .107 . 704 .329 .031 0. 046 0. 066
nulti .110 .692 .348 042 0. 030 0. 054
a0l .113 .699 . 337 .039 0. 036 0. 054
a02 114 722 . 329 .040 0. 044 0. 062
a03% .107 . 704 . 329 .031 0. 046 0. 066
a04 .130 .718 .331 . 052 0. 050 0.070
a05 .130 727 . 360 .073 0. 052 0.074
al0 .126 714 .390 . 086 0.112 0.108
do1 .102 . 676 . 339 . 027 0.038 0. 052
do3* .107 . 704 . 329 .031 0. 046 0. 066
d05 .11 . 702 .330 .033 0. 056 0.070
d10 .122 .735 .339 . 055 0. 092 0. 094
s05 .112 . 700 .325 . 031 0. 046 0. 062
s15 .109 . 700 .330 .032 0. 046 0. 064
S30% .107 . 704 . 329 .031 0. 046 0. 066
MSIS* . 107 . 704 . 329 .031 0. 046 0. 066
DTM .108 . 696 .333 .032 0. 042 0. 064
JAC .102 .684 . 336 . 027 0. 044 0. 066
(b) . dx dy dz Baseline Residual RMS
Condition  oee80)  (425778)  (194093)  (508444) Tyosi AlLL

single* . 697 . 026 . 246 L911 0.072 0. 060
multi . 682 .025 . 253 . 906 0.070 0. 060
a0l . 700 .023 . 247 .909 0. 066 0. 066
a02 . 702 .024 . 242 .909 0.070 0. 064
a03% . 697 .026 . 246 .911 0.072 0. 060
a04 . 703 .026 . 232 .908 0. 080 0. 068
a05 . 709 .036 . 250 .925 0. 088 0.076
alo 711 .990 . 226 .878 0.104 0.110
do1 ", 690 .030 . 249 .912 0. 068 0. 060
do3# . 697 .026 . 246 .911 0.072 0. 060
dos .699 . 027 . 243 .911 0.080 0.074
d10 . 702 .032 . 239 .915 0. 084 0.086
s05 . 689 .021 . 248 .904 0.074 0. 064
s15 .693 .023 . 247 .907 0.072 0. 066
s30% .697 .026 . 246 .911 0.072 0. 060
MSIS* . 697 . 026 . 246 .911 0.072 0. 060
DTM . 697 . 026 . 247 911 0.072 0. 060
JAC .698 . 026 . 246 .911 0.072 0. 060
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Fig.5 Variation of estimated baseline lengths against the frequency of estimation of non-gravitational
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Temporal variation of estimated drag coefficients for the different atmospheric density models,
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